The objective of this study was to characterize the starch of the peach-palm fruit. The starch was subjected to thermogravimetric analysis, differential scanning calorimetry, Fourier transform infrared spectroscopy, x-ray diffraction, and scanning electron microscopy. The thermogravimetric analysis showed 76.62% of the weight loss in the temperature range from 251.7 to 380.6 ºC. The peak in differential scanning calorimetry was obtained at 70. . The x-ray diffraction corresponded to C-type crystals. The granule sizes ranged from 1.60 to 8.48 μm.
Introduction
Starch is the carbohydrate of plant reserves, extracted from the edible parts of cereals, tubercles, fruits, roots, and rhizomes. It is mainly composed of two polysaccharides, both formed by repetitive units of α-D glucose: amylose, an essentially linear molecule, and amylopectin, which has a highly branched structure. It occurs as small, semicrystalline granules. [1] Many authors consider starch to be the main source of energy storage of higher plants, as well as the food source responsible for 70 to 80% of the calories consumed by man. Due to its physicochemical and functional properties, this carbohydrate is very important in various industrial sectors.
The commercial extraction of starch is still restricted to cereals and tubercles. However, the industry is interested in identifying and developing cultures that produce native starches with specific characteristics, such as starch peas, [2] beans, [3, 4] bananas, [5] [6] [7] ginkgo, [8, 9] jackfruit seeds, [10] and pejibaye. [11, 12] The starch from the pejibaye represents a viable alternative for commercial application due to its chemical characteristics and functional properties of industrial interest. According to the literature, [12] the fruit has high levels of amylose, low levels of lipids, proteins and ash, low solubility in water, and a gelatinization temperature similar to that of traditional starch sources. In particular, the amylose content in starch from pejibaye indicates that this powder could be used as raw material for films, coatings, and packaging to be used in food products. [11] An understanding of the structure of starch granules and their physical, morphological, and thermal properties are important because these factors determine starch behavior in many different industrial processes. [13, 14] During the agroindustrial harvesting of peach-palm, large volumes of wastes are generated, both in the field and in industrialized contexts. Despite the potential use of the pejibaye, mainly as human food, most of its production is devoted to obtaining seeds, since Brazil imposes strict sanitary barriers regarding importation, due to the risk of introducing quarantine pests, especially cocoa moniliasis. Thus, pejibaye pulp, rich in starch, is underutilized. [12] The extraction of pejibaye starch, then, would add value to a product that is currently considered a waste product of heart of palm extraction from the peach-palm and would also contribute to a reduction of the environmental impact of such waste.
The utilization of these wastes as a raw material is a rational alternative, because their source is abundant, renewable, and of great industrial interest. Considering that there is little information about this product, the objective of this work is to characterise pejibaye starch with respect to its morphological and thermal characteristics. Thus, pejibaye starch was analyzed using the thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) to measure thermal behavior, Fourier transform infrared spectroscopy (FTIR) to determine the amount of different chemical bonds present in starch, x-ray diffraction (DRX) to determine the crystalline pattern, and scanning electron microscopy (SEM) to determine the size and shape of the granules.
Materials and methods

Materials
Plantations owned by the Baiano Federal Institute, Uruçuca Campus and by INACERES S.A. supplied the mature pejibaye. Additional materials were ice water at 5°C, sodium hydroxide (NaOH) P.A., sodium bisulphite (NaHSO 3 ) P.A., and absolute ethyl alcohol. All analytical grade reactants were manufactured by the Synth Company.
Methods
Starch extraction
Starch was obtained from the pejibaye fruit according to the methodology described in the literature. [1, 12] The fruits were peeled, shredded, and put into plastic containers, for 5 h. A "Croton" type knife mill with a 10 mesh (2.0-mm) screen ground the samples in order to separate the mulch from the starch milk, which was purified in 100 and 200 mesh (0.149-and 0.079-mm) sieves. The mulch was then successively washed with running water in order to separate the starch by decanting into plastic containers. The decanted starch was purified with absolute alcohol, filtered, and dehydrated at 35°C for 12 h in a dryer containing silica gel. The starch obtained was then reduced to powder and passed through a 48 mesh (0.389-mm) sieve in order to obtain the sample for analysis. The sample for analysis comprised starch at an amylose/amylopectin ratio of 1:5. [12] TGA The thermal stability of the pejibaye starch was assessed utilizing a Perkin Elmer model STA 6000 thermogravimetric analyser, assisted by Pyris Series software. The TGA thermogram was obtained in the temperature range of 35 to 600 º C, with a heating rate of 10 º C/min. The analyses were conducted in a nitrogen atmosphere, at a flow rate of 20 mL/min.
DSC
The thermal properties of the pejibaye starch were assessed using a Shimadzu model DSC-60 differential scanning calorimeter. A 3.0-mg sample of starch was weighed in an aluminium pan (capsule). The capsule was hermetically closed and temperature balanced at room temperature for 1 h. The calibration of the system was achieved with metallic indium, using an empty aluminium capsule as reference. The analysis was conducted at a temperature range of 10 to 300°C, with a heating rate of 10 º C/min. The thermal transitions of the starch samples were defined as initial (original) temperature (T o ), peak temperature (T p ), final temperature (T f ) and gelatinization enthalpy (ΔHgel).
FTIR
The FTIR spectra of the pejibaye starch were generated utilising a mid-IR Thermo Electron Corporation model Nicolet 6700 spectrometer. The wavelength utilized was in the range of 4000 to 400 cm Results and discussion Figure 1 shows the TGA and DTG thermograms of the pejibaye starch, which reveal two main thermal events. The first event is represented by a discrete peak, where 8.9 % of the initial mass is lost from the beginning of the analysis up to the temperature of 129. A similar thermal degradation of the starch of the cashew nut was observed after oil removal, with the maximum degradation rate of the glucose ring occurring at 319 º C but starting at 174 º C. Found [16] reported the start of that degradation at 220 º C for starch from corn. Published reports, aside from finding the start of the degradation of the glucose from rice starch at 210 º C, found a third thermal event that ended at 540 º C. [17] These results suggest that the starch from pejibaye has superior thermal stability compared to other starches and can be processed up to a temperature of 251.7 º C.
TGA
DSC
The results of the DSC analysis of pejibaye starch are shown in Fig. 2 . It can be seen that starch gelatinization occurred at 70 º C (T p ). The peak obtained represents the endothermic gelatinisation reaction, which is an order-disorder phase transition of the starch that occurs when it is heated in the presence of excess water, during a temperature interval characteristic of the starch source. Table 1 compares peak temperature (T p ) and gelatinization enthalpy (ΔH) of the pejibaye starch with values reported for other starch sources. The thermal properties of the pejibaye starch are in accordance with others found in the literature (ΔH = 15.7 J.g −1 ). Enthalpy of the pejibaye starch reflects the presence of short chains in the amylopectin, which comprises approximately 84.3% amylopectin and 15.7% amylose. [12, 18] The starting temperature for gelatinization occurs when water enters the amorphous region and becomes less ordered. Due to the high concentration of amylopectin, the structure limits the accessibility of water, thus delaying gelatinization. This leads to a wider interval between initial and ending temperatures, due to the slow gelatinization of the more crystalline regions. [19, 20] Based on the DSC results, it can be said that the granules are resistant and less susceptible to breakage with prolonged heating. [21] 
FTIR
The results obtained from the FTIR analysis of the pejibaye starch are shown in Figure 3 . Because the starch is comprised mainly of amylose, amylopectin, and water, the spectral bands are attributed to the bonds between the atoms of those molecules. [22] The presence of a strong band can be observed, wide and rounded, in the region of the 3400-nm wavelength. A nearby band was observed in starch from Cissus simsiana Roem. & Schult. (3453.04 nm), which is characteristic of hydrogen bonds of the hydroxyl groups present in the D-glucose unit of starches from different botanical sources. [11, 12, 23, 24] Bands corresponding to CH bonds of the ring and the stretching of the glycosidic CO bond were also identified, with band wavelengths of 2931 and 1150 nm, respectively. The value of the CH band was close to that found in the literature [23] (2923 nm) for manioc starch. The value of the CO band (1150 nm) in starch from Colombian pejibaye was previously reported. [11] The literature includes evidence for detected peaks in the spectral bands of maximum absorbency between 854 and 1007.50 nm, similar to those found in the starch of this study (1080 and 1018 nm). [11, 22] Normally, the bands that appear in the region between 1080 and 990 nm are attributed to the asymmetrical axial vibration of COC, the axial vibration of CO, and the axial vibration of the main chain. [24] The other peaks observed are associated with the deformation of lateral COH, CCH, and OCH groups containing stretched CC bonds (950-700 nm), with the regions of the skeleton of the molecule containing exocyclic deformations (700-500 nm). [25] DRX There are three types of DRX patterns for starch: The A-type consists of double helices made by compressed amylose and amylopectin, often found in cereals; the B-type consists of structure highly hydrated with double helices arranged into a hexagon, typical of tubers and root starches [26, 27] and the C type. With regard to the C-type, the available literature is divergent. Some have reported the C pattern as a mixture of A-type and B-type, and thus crystals present proportions of each. [28] In the literature, [29] pattern C is a distinct structure and not a mixture of patterns A and B. The DRX result of the analysis of starch granules from pejibaye is shown in Fig. 4 . It can be seen that the starch has a diffraction pattern of Figure 3 . Absorption spectrum in the infrared region for starch from the pejibaye. [35] 75. 40 15.20 Peruvian salsa [14] 60.90 -62 15.20 -16.10 Chickpea [36] 64.71 7.11 -7.90 Sago [37] 73. 70 16.20 Chayote [32] 63
12.10 Jackfruit [10] 77.70 -78. 30 13.50 -14.40 Banana [7] 74. 90 14.70 Rice [17] 72.60 9.50
type C with peak 2Ɵ angles near 15, 17, and 23°. The pejibaye starch studied [11] originated in Colombia and revealed standard type A, with similar peaks. According to the literature, [30] starches that have type A or C are more resistant to enzymatic attack, suggesting more homogeneous granules with respect to the distribution of internal forces. Type C standard diffractograms were also found in starches from other sources, as in starch ginkgo (Ginkgo biloba L.), [8] field pea (Pisum sativum L.) cultivars, [2] in starch granules [6] from banana (Musa AAB-Terra), green cowpea [4] (Vigna unguiculata L. Walp.), chickpea [20] (Cicer arietinum L.), and Trichosanthes kirilowii Maxim.
[31]
SEM
The shape and size of the starch granules from the pejibaye are shown in Fig. 5 . The granules are predominantly spherical, with regular particles, smooth surfaces, and few cracks, where few particles show spherical deformation. These characteristics are similar to those observed in starch granules from chickpeas (Cicer arietinum L.) [20] and commercial potatoes (Solanum tuberosum L.). [32] However, these granules differ from the starch granules from other sources: saffron (Curcuma longa L. and Curcuma zedoaria [Christm.] Roscoe), which has a flattened triangular shape; [33] granules of corn, which are polyhedral; [6] granules of wheat, which are lenticular; [4] and granules of banana (Musa × paradisiaca L.), which are elongated. [7] Concerning size, granule diameter varied from 1.6-8.5 μm. Such values are approximate, due to the irregularity and diversity of their natural shapes. The diameter of pejibaye starch granules is close to the size observed for: commercial corn starch, [34] starch from commercial rice (1.5-9 μm); [4] starch from jackfruit (Artocarpus heterophyllus Lam.) pulp (1-18 μm), [7] and starch from jackfruit (Artocarpus heterophyllus Lam.) seeds (1-18 μm). [7] Starch with small granules has better digestibility after cooking due to the higher surface area in relation to volume. [4] For Aldana et al., [10] the small size of starch granules can be important for several applications, such as encapsulation and products with high water retention.
Conclusions
This study compared the morphological and thermal properties of starch from the pejibaye. The starch has small granules with association components that form its matrix, thus explaining the transitions found. In general, properties were similar to those from other starch sources reported in the literature, but the granules were more resistant and less susceptible to breakage with prolonged heating. Characterization of the pejibaye suggested its potential for industrial applications, including food and non-food uses, as in films and coatings, as well as in biodegradable packaging.
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